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1
BONE CUTTING APPARATUS

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 10/680,902 filed on Oct. 8, 2003, now
U.S. Pat. No. 7,364,380 1ssued on Apr. 29, 2008. The disclo-

sure ol the above application 1s incorporated herein by refer-
ence.

FIELD OF THE INVENTION

The present invention relates to a bone-cutting apparatus
and associated method.

BACKGROUND OF THE INVENTION

Healthy knee joints include two cruciate ligaments, the
anterior cruciate ligament (ACL) and the posterior cruciate
ligament (PCL). The ACL 1s often damaged 1n diseased or
injured knee joints, and may be removed during total knee
replacement. It 1s considered desirable, however, to retain the
PCL because of 1ts importance for the stability of the knee
during bending. When the PCL 1s damaged beyond repair or
otherwise must be removed, a posterior stabilized knee pros-
thesis 1s implanted. This prosthesis includes a femoral com-
ponent with an itercondylar box-shaped part. Therefore, a
similarly box-shaped intercondylar bone portion must be
resected from the femur to accommodate the femoral com-
ponent.

Knee joints that require posterior stabilized knee prosthesis
are typically severely damaged and mtercondylar box resec-
tion 1s a challenging and painstaking procedure. Several cut-
ting guides and milling devices have been developed to assist
the surgeon 1n this procedure. Typically, two or more such
guides, each designed to perform different resections, are
needed to perform this procedure. The use of multiple guides
increases the duration, complexity and cost of the procedure
and 1s less than desirable. Therefore, there 1s a need for a
single guide that can be used to perform multiple different
resections.

SUMMARY OF THE INVENTION

In one form the mvention provides for a guide for cutting a
bone comprising an anterior portion and a distal portion ori-
entated at about aright angle to the anterior portion. The distal
portion includes a guiding side, a distal surface at the guiding,
side, a box-cut shaped opening defined by the guiding side, a
plurality of first cutting surfaces disposed at the guiding side
at an acute angle relative to the distal surface of the guiding
side operable to guide a cutting device to the bone to form
chamfer cuts in the bone, and a second cutting surface dis-
posed at the guiding side at at least about a right angle to the
distal surface operable to guide a cutting device to the bone to
form a posterior cut in the bone.

In another form the mvention includes a guide for cutting,
bone comprising an anterior portion, a posterior portion, a
distal portion, a box-cut shaped opening, and a rotatable rod.
The posterior portion 1s orientated at least approximately
parallel to the anterior portion. The posterior portion includes
a first posterior flange and a second posterior flange. A distal
portion 1s orientated at least an approximate right angle to
cach of the anterior portion and the posterior portion. The
distal portion includes a distal surface, a first gmding side, a
second guiding side spaced apart from the first guiding side,
and a plurality of cutting surfaces disposed at each of the first
guiding side and the second guiding side at an acute angle
relative to the distal surface of the first and second guiding
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sides operable to guide a cutting device to the bone to form
chamier cuts in the bone. The box-cut shaped opening 1is
defined by the anterior portion, the first guiding side, the
second guiding side, the first posterior tlange, and the second
posterior flange. The rotatable rod extends between the first
posterior flange and the second posterior flange, the rotatable
rod including a hole operable to recerve and guide a cutting
device for forming a box cut in the bone.

In yet another form, the present invention provides for a
method for guiding a cutting device to a bone to form chamier
cuts, posterior cuts, and a box cut 1n the bone, the method
includes: positioning a cutting guide on the bone such that an
anterior portion of the cutting guide abuts an anterior bone
surface and a distal portion of the cutting guide abuts a distal
bone surface, the distal portion includes a first guiding side
and a second guiding si1de defining a box-cut shaped opening;
cutting chamier cuts 1n the bone by directing the bone cutting
device along each of a plurality of first cutting surfaces dis-
posed at each of the first guiding side and the second guiding
side, the first cutting surfaces disposed at an acute angle
relative to a distal surface of the guide; and cutting posterior
cuts in the bone by directing the bone cutting device along
second cutting surfaces disposed at each of the first guiding
side and the second guiding side, the second cutting surfaces
disposed at about a right angle to the distal surface of the
guide.

Further areas of applicability of the present invention will
become apparent from the detailed description provided here-
inafter. It should be understood that the detailed description
and specific examples, while indicating the preferred embodi-
ment of the invention, are intended for purposes of 1llustration
only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1 1s a perspective view of an embodiment of the bone
cutting apparatus of the present invention, shown in a {first
position;

FIG. 2 1s a perspective view of an embodiment of the bone
cutting apparatus of the present invention, shown 1n a second
position and a first lateral location;

FIG. 3 1s an exploded perspective view of an embodiment
ol the bone cutting apparatus of the present invention, shown
in the first position;

FI1G. 4 1s an environmental view of the embodiment of FIG.
1

FIG. 5 1s the embodiment of FIG. 2, shown 1n a second
position and a second lateral location;

FIG. 6 1s an exploded view of a portion of a distal femur
prepared to recetve a femoral component according to an
embodiment of the present invention;

FIG. 7 1s a perspective view of an embodiment of the bone
cutting apparatus of the present invention, shown in a first
position;

FIG. 8 1s a perspective view of the bone cutting apparatus
of FIG. 7, shown 1n a second position;

FIG. 9 1s an exploded view of the bone cutting apparatus of
FIG. 7;

FIG. 10A 1s a first perspective view of another embodiment
of the bone cutting device of the present invention;

FIG. 10B 1s a second perspective view of the bone cutting
device of FIG. 10A;

FIG. 10C 1s a third perspective view of the bone cutting
device of FIG. 10A;
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FIG. 10D 1s a fourth perspective view of the bone cutting
device of FIG. 10A;

FIG. 11A 1s afirst perspective view of a bone cutting device
according to an additional embodiment of the present mnven-
tion;

FIG. 11B 1s a second perspective view of the bone cutting
device of FIG. 11A;

FIG. 11C 1s a third perspective view of the bone cutting
device of FIG. 11A;

FIG. 11D 1s a fourth perspective view of a bone cutting
device of FIG. 11A;

FIG. 12A 1s a first perspective view ol a bone cutting device
according to a further embodiment of the present invention;

FIG. 12B 1s a second perspective view of a bone cutting
device of FIG. 12A;

FIG. 12C 1s a third perspective view of a bone cutting
device of FIG. 12A;

FIG. 12D 1s a fourth perspective view of a bone cutting
device of FIG. 12A;

FIG. 13 1s a perspective view of a bone cutting device
according to a further embodiment of the present invention;

FI1G. 14 15 a side view of the bone cutting device of FIG. 10
mounted to a patient’s femur; and

FI1G. 15 1s a perspective view of the bone cutting device of
FIG. 10 mounted to a patient’s femur.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

The following description of various embodiments 1s
merely exemplary in nature and 1s 1n no way intended to limit
the invention, 1ts application, or uses.

Referring to FIG. 1, an embodiment of a bone-cutting
apparatus 100 according the present invention 1s shown. The
apparatus includes a guide 102 and a mill or reamer or similar
cutting tool 104 that can rotate about its own longitudinal axis
“D.” The guide 102 may be a generally U-shaped member that
includes a flange or anterior portion 106 and a base or poste-
rior portion 108. The flange 106 and the base 108 are joined
by a pair of guiding sides 110 at a distal portion 166, which are
substantially orthogonal to the flange 106 and the base 108.

The guide 102 includes a generally “box-cut” shaped open-
ing 112, which 1s defined by a U-shaped flange cutout 114, a
U-shaped base cutout 116 and a rectangular spacing 118
between the guiding sides 110. The box-cut opening 112 1s
substantially sized and shaped to conform to the amount of
bone that must be removed from a bone before inserting a
portion of a prosthesis component. For example, 1n a posterior
stabilized knee prosthesis, the opening 112 1s sized for the
removal of intercondylar bone which i1s necessary for the
insertion of an intercondylar box 97 of the prosthesis (F1G. 6).
In the following description, the bone-cutting apparatus 100,
1s described 1n reference to posterior stabilized knee prosthe-
s1s for the sake of clarity, but it 1s should be appreciated that
the apparatus 100, as well as the other bone cutting appara-
tuses described herein, 1s not restricted to such use.

The flange 106 may include a plurality of holes 120 for
securing the apparatus 100 to a bone using suitable removable
fasteners 122, such as bone nails, drll bits, pins, etc. In a
posterior stabilized knee prosthesis, for example, the appara-
tus 100 1s used on the resected distal femur 90, as shown in
FIG. 4. The flange 106 1s placed on the resected anterior
surface 92 and secured thereon with the fasteners 122. The
base 108 1s placed under the resected posterior surface 94,
such that the guiding sides 110 are in front of the resected
medial and lateral condyles 96, 98, shown for a right knee in
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FIG. 4. In this position, the opening 112 of the guide 102 may
be aligned to remove an intercondylar bone portion 99.

The mill 104 1s pivotably connected to the guide 102, such
that 1t can rotate 1n the direction of an arrow “A” toward the
flange 106 from a first position, shown 1 FIG. 1 to a last
position shown 1n FIG. 2, and any position intermediate the
first and the last positions. The term “second position™ as used
herein includes the last position and all the positions that span
the 1interval between the first position and the last position in
the direction of the arrow A.

In the first position, the mill 104 1s substantially coplanar or
parallel to the base 108 and i1t can move laterally along a
lateral axis “B.” In the last position, the mill 104 1s prevented
from rotating further in the direction of the arrow A by a
stopping wall 126 of the flange cutout 114.

For a posterior stabilized knee prosthesis, the mill 104 1s
adjacent to the posterior surface 94 in the first position, and
adjacent to the anterior surface 92 1n the last position. The
angle between the first and last positions 1s substantially 90°
for a posterior stabilized knee prosthesis, but other angles less
or greater than 90° may be provided by changing the depth of
the flange cutout 114 or the angle of the guiding sides 110
with the flange 106 for other applications that do not require
resection of rectangular bone portions.

Referring to FIG. 5, the mill 104 includes a driven end 128,
which may be connected to a spindle for power driven rota-
tion or to a crank handle for manual rotation, and a shaft 130
with a cutting portion 132. The cutting portion 132 includes a
bore 134 which rotatably receives a pivot pin 136. The pivot
pin 136 has a threaded end 138 that engages a center recep-
tacle that can take the form of a slot 140 1n a cutting device
receirver, which can take the form of arod 142. The rod 142 1s
s1zed to be received in two halves 144a, 1445 of a split bore
144 1n the base 108, and 1s oriented coaxially with the lateral
axis B. The rod 142 may be moved along the lateral axis B to
allow lateral repositioning of the mill 104 relative to the
box-cut opeming 112.

In one embodiment, the rod 142 slides within the bore 144,
such that the mill 104 1s easily repositioned by manually
shifting the shaft 130 laterally, 1.e. 1n a direction parallel to the
lateral axis B, thereby causing the rod 142 to slide within the
bore 144. It will be appreciated that in some other applica-
tions, 1t may be desirable to control the lateral movement of
the mill 104 by controlling the movement of the rod 142, such
as, for example, by providing for threaded engagement
between a portion of the rod 142 and a portion of the bore 144
and advancing the rod 142 using a tool such as a screwdriver
or socket at one end of the rod 142, or other means within the
purview of an artisan of ordinary skill.

In one embodiment, to better stabilize the mill 104 during
cutting, lateral movement and repositioning of mill 104 1s
only permitted when the mill 104 1s 1n the first position, 1n
which no cutting occurs. When the mill 104 1s pivoted toward
the flange 106, lateral movement of the mill 104 may be
prevented by preventing lateral movement of the rod 142.
Thus, during pivoting, the mill 104 may be constrained to
remain on a single cutting plane “C”, 1.e. on a plane that 1s
perpendicular to the lateral axis B. Such lateral constraint
may not be necessary for certain applications.

In one embodiment, the rod 142 may include one or more
grooves 148 located at predetermined intervals along a {first
portion 143 of the rod 142. The grooves 148 are positioned
such that one of them can selectively capture a pin 150 when
the mill 104 1s pivoted in the direction of the arrow A. The pin
150 1s attached substantially perpendicularly to the base 108
and traverses the first half 144q of the bore 144. When the pin

150 1s captured by one of the grooves 148, it prevents any
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lateral movement of the rod 142, thus stabilizing the lateral
position of the mill 104 during cutting. The grooves 148 are
truncated, 1.e. they do not extend over the entire circumier-
ence of the rod 142, terminating at a chamiered portion 146 of
the rod 142, which 1s oriented relative to the center slot 140
such that the pin 150 1s not captured by any of the grooves
148, when the mill 104 1s 1n the first position. When the maill
104 1s pivoted about the lateral axis B, the rod 142 rotates
about the same axis such that one of the grooves 148 captures
the pin 150.

The rod 142 may include a set of detents 152 located on a
second portion 145 of the rod 142. The first and second
portions 143, 145 of the rod 142 are on opposite sides of the
center slot 140 and are received within the respective halves
144a, 1445 of the split bore 144. The detents 152 may extend
over the entire circumierence of the rod 142. A commercially
available spring-loaded ball plunger 154 may be inserted 1n a
hole 155 of the base 108 to selectively engage one of the
detents 152. The detents 152 are placed at locations symmet-
ric to the locations of the grooves 148 about the center slot
140, such that a desired lateral location for the mill 104 may
be easily selected by moving the mill 104 laterally, while in
the first position, until the ball 160 of the ball plunger 154
snaps into the appropriate detent 152. The ball plunger 154
and the detents 152, 1n cooperation with the grooves 148 and
the pin 150, define an indexing mechamism 162 for quick
lateral positioning and repositioning of the mill 104.

In one embodiment, there are three grooves 148 corre-
sponding to three lateral locations of the mill 104 in relation
to the opening 112, such that operation of the mill 104 1n each
lateral location removes one third (13) of the intercondylar
bone 99. Two of these lateral locations are 1llustrated in FIGS.
2 and 5, 1n which the mill 104 has been pivoted to the last
position. Depending on the quality/strength characteristics of
the bone and the size of the bone 90 1n the lateral dimension,
1.¢. the dimension along the lateral axis B and the size of the
cutting portion 132 of the mill 104, a smaller or greater
number of grooves 148 may be used. For fragile or damaged
bone, for example, 1t may be desirable to use a greater number
of smaller width cuts, 1n which case the rod 142 1s provided
with greater number of grooves 148 delineating a correspond-
ing number of lateral locations.

Similarly, 1t will be appreciated that the number of lateral
shifts of the mill 104 that are required for the removal of the
bone portion 99 depends on the width of the bone portion 99
relative to the diameter of the cutting portion 132 of the mall
104. Therefore, 1t 1s also possible to remove the entire bone
portion 99 with single pass of the mill 104, that 1s without
need for any lateral shifting, if the diameter of the maill 104
substantially conforms to the size of the bone portion 99.

After the bone portion 99 1s removed, a box-like cavity 91
with rounded corners 95 1s defined 1n the bone 90 for rece1v-
ing a femoral component 93, as shown 1n FIG. 6. When a
small-diameter mill 104 1s used, the corners 95 of the cavity
91 will have a smaller radius as compared to when a bigger
diameter mill 104 1s used. If right-angle corners are desired 1n
a particular application, the surgeon could chisel the corners
95 of the cavity 91 to form right-angle corners 95. The guide
102 has two lateral surfaces 111, which are shaped similarly
to corresponding lateral sides 89 of the femoral component 93
to aid 1n positioning the guide 102.

In operation, the bone-cutting apparatus 100 1s attached to
the resected bone 90 by inserting the bone 90 between the
flange 106 and the base 108, such that the volume of the bone
portion 99 to be removed i1s framed by the box-cut opening,
112 of the apparatus 100. The apparatus 100 1s then secured
by attaching the flange 106 to the bone 90 with fasteners 122.
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Starting from the first position, the mill 104 1s moved along
the lateral axis B to a first lateral location while at the first
position. The mill 104 1s then rotated (spun) manually or by
power, and 1s also pivoted from the first position to a second
position, while remaining locked 1n the first lateral location
and cutting through a segment of bone portion 99. Next, the
mill 104 1s returned to the first position and 1s shifted to a
second lateral location along the lateral axis B, while 1n the
first position. The shifting, pivoting and cutting process 1s
repeated as necessary until the entire bone portion 99 1s
removed. During this procedure, selecting each of the lateral
locations, 1.e. moving the mill 104 from one to another cutting
plane C, may be facilitated by the indexing mechanism 162.

Another embodiment of the bone cutting apparatus 200 1s
illustrated in FIGS. 7-9. Elements common to embodiments
100 and 200 are referenced with numerals having the same
second and third digits and prefaced by the digit 1 or 2
respectively, such as for example, the mill 104, 204. The
description of elements common to both embodiments will
not be repeated. In this embodiment, the rod 242 includes one
groove 248 that captures the pin 250 to prevent lateral move-
ment of the rod 242. The rod 242 includes a center hole 241
and two side holes 243, corresponding to the medial and
lateral positions. To make a cut 1n the lateral or medial posi-
tion, the mill 204 1s removed from the center hole 241 of the
rod 242 and 1s inserted in one of the side holes 243. To
facilitate the engagement and disengagement of the mill 204
to and from the rod 142, the mill 204 includes a press-fit guide
pin 237 which snaps inside one of the three holes 241, 243 and
rotates with the mill 204.

A bone cuftting apparatus according to an additional
embodiment 1s illustrated 1n FIG. 10 at reference numeral
300. Elements common to embodiments 100 and 200 are
referenced with numerals having the same second and third
digits and prefaced by the digit 3. The above description of the
like elements also applies to the apparatus 300.

The guide 302 further includes a plurality of first cutting,
surfaces 364. The cutting surfaces 364 extend through each of
the first guiding side 310q and the second guiding side 3105,
which generally form a distal portion 366 of the guide 302. As
illustrated, each of the guiding sides 310 include two cutting
surfaces 364. However, each guiding side 310 can include any
suitable number of the first cutting surfaces 364 depending on
the particular application.

The first cutting surfaces 364 are typically orientated at an
acute angle relative to a distal surface 368 of the guiding sides
310. The distal surface 368 1s the surface of the distal portion
366 opposite the side of the distal portion that abuts a bone
that the guide 302 1s mounted to during use, such as a bone
600 of F1G. 14. The first cutting surfaces 364 of each guiding
side 310a can intersect each other, such as in the embodiment
illustrated 1n FIG. 10, or the cutting surfaces 364 can be
independent of each other. The first cutting surfaces 364 are
generally planar and are operable to guide any suitable cutting
device to the bone to be cut, such as a human femoral bone
600 of FIG. 14. The first cutting surtaces 364 can be used to
make a number of cuts 1n the bone 600, such as chamfter cuts
as described below. The second cutting surfaces can be incor-
porated 1nto any of the other embodiments described herein.

The guide 302 includes second cutting surfaces 370. The
second cutting surfaces 370 are disposed at the end or termi-
nus ol each of the first guiding side 310a and the second
guiding side 3105. The second cutting surfaces 370 are gen-
erally planar and generally parallel to the anterior portion
306. The second cutting surfaces 370 can be used to direct a
suitable cutting instrument to the bone to be cut, such as the
human femoral bone 600 of FIG. 14. The second cutting
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surfaces 370 can be used to make a number of cuts 1n the bone
600, such as posterior cuts as described below.

A rim 372 further defines the box-cut shaped opeming 312.
The rim 372 extends along the portions of the guiding sides
310 and the anterior tlange 306 that directly border and define
the box-cut shaped opening 312. The rim 372 1s raised from or
extends from the rest of the guide 302. The rim 372 extends
from the guide 302 in a direction opposite to the location of
the bone that the guide 302 1s attached to when 1t 1s 1n use, as
illustrated in FIGS. 14 and 15. The rim 372 has a number of
different functions. For example, the rim 372 serves as a guide
or stop for the cutting device inserted through the box-cut
opening 312 to form the box-cut in the bone 600.

The rim 372 caninclude one or more slits 374. The slits 374
can be located at a variety of different positions along the rim
372, such as proximate to the first cutting surtaces 364. The
slits 374 can take a variety of different shapes and forms. For
example, the slits 374 can be elongated or rectangular slits
that extend lengthwise between the anterior flange 306 and
the second cutting surface 370, as 1llustrated 1n FIG. 10. The
slits 374 can also be 1n alignment with each other across the
box-shaped opening 312. The slits 374 can be used for a
variety of different purposes, such as to receirve a removal
device to assist in the removal of the guide 302 from the bone
being cut.

An aperture 376 extends through each of the first guiding
side 310q and the second guiding side 31054. The aperture 376
can take a variety of different forms and can be located at a
variety ol different locations on the guiding sides 310. For
example, the aperture 376 can be located between the first
cutting surfaces 364 and extend from an outside surface 378
of each of the guiding sides 310 to a surface of the gmiding
sides 310 that abuts the bone 600 when the guide 302 1s 1n
position on the bone 600. The apertures 376 can be used for a
variety of different purposes, such as to receive a fastening,
device such as a pin or screw, to secure the guide 302 to the
bone 600. The apertures 376 can be present 1n any of the other
embodiments described herein.

An additional embodiment of the present invention 1s 1llus-
trated 1n FI1G. 11 at reference numeral 400. Elements common
to embodiments 100, 200, and 300 are referenced with
numerals having the same second and third digits and pret-
aced by the digit 4. The above description of the like elements
also applies to the apparatus 400.

The gmde 402 includes a notch 480. The notch 480 1s
located 1n the anterior tlange 406 on a side of the anterior
flange 406 that abuts the bone 600 when the device 1s 1n 1ts
operable position about the bone 600 (FIGS. 14 and 15). As
illustrated, the notch 480 1s 1n alignment with one of the
cutting surfaces 464 of each of the gmding sides 310aq and
3106. The notch 480 can be used for a variety of different
purposes, such as for a stop or guide for a cutting device
inserted through the first cutting surfaces 464.

Extending from the outside surfaces 478 of each of the
guiding sides 410 are securing flanges defining apertures 482.
The apertures 482 are operable to recerve any suitable fasten-
ing device capable of securing the guide 402 to the bone being
cut with the guide 402. The apertures 482 can be incorporated
into any other embodiment described herein. Further, the
aperture 376 of the guide 302 can be incorporated into the
guide 402.

The guide 402 can further include an aperture 484 that
extends through one or both of the guiding sides 410. As
illustrated, the aperture 484 1s 1n the region of the first cutting
surfaces 464 and extends through the first cutting surfaces
464 from the distal surface 468 completely through the distal

portion 466. The aperture 484 1s sized to receive any suitable
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fastening device capable or securing the guide 402 to bone.
The aperture 484 can also be used to attach an augment trial.
The aperture 484 can be included 1n any of the other embodi-
ments described herein.

The second cutting surface 470 of the guide 402 1s stmilar
to the second cutting surface 370 of the guide 302. However,
the second cutting surface 470 further comprises a posterior
flange 486 that 1s spaced apart from the remainder of each of
the guiding sides 410. Therefore, the second cutting surface
470 1s not at the terminus of the guiding sides 410, but is
between the tlange 486 and the remainder of the guiding sides
410.

A first recess 488a and a second recess 4885 are formed 1n
the raised rim 472. The recesses 488 are positioned on oppos-
ing surtaces of the raised rim 472 in the region of the box-cut
shaped opening 312. The recesses 488 are generally parallel
to each other and 1n substantial vertical alignment with each
other along the raised rim 472. The recesses 488 extend from
the rim 472 to the flange 406. The recesses 488 are formed 1n
a portion of the flange 406 that abuts the bone being cut when
the guide 1s positioned at the bone. The recesses 488 can be of
various shapes and sizes, but are generally semi-circular
recesses.

The recesses 488 can have a variety of different functions.
For example, the recesses 488 provide clearance 1n the cor-
ners of the box-cut shaped opening 312 for a cutting device to
assist cutting the bone. The recesses 488 can be included 1n
the other embodiments described herein.

A fTurther embodiment of the present invention 1s illustrated
in FIG. 12 at reference numeral 500. Elements common to
embodiments 100, 200, 300, and 400 are reterenced with
numerals having the same second and third digits and pret-
aced by the digit 5. The above description of the like elements
also applies to the apparatus 500.

The guide 502 includes a first posterior flange 388a and a
second posterior tlange 588b. The posterior flanges 3588
extend from the distal portion 566 at an end opposite the
anterior tlange 506. The posterior flanges 588 are generally
parallel to the anterior tlange 506 and are generally perpen-
dicular to the distal portion 566. The posterior flanges 588 can
be separate as illustrated i FIG. 12 or can be unitary, such
that the posterior tlanges 588 take on a configuration similar
to the base 108 of the guide 102.

The cutting device receiver or rod 542 extends between the
posterior flanges 588. The rod 542 1s seated within an opening
590 of each flange 588. The rod 542 can rotate within the
openings 5390 to any desirable degree depending upon the
application. In some applications the rod 542 rotates approxi-
mately 90 degrees. The rod 542 includes the center hole 541
and can 1nclude, as illustrated, a plurality of the side holes
543. The center hole 541 and the side holes 543 receive the
cutting tool 104, as described in the embodiments of guides
102 and 202.

The guide 502 can include any of the features of the other
embodiments described herein, as would be understood by
one of ordinary skill 1n the art. For example, the rod 542 can
be replaced with the rod 142 of FIG. 3.

A fTurther embodiment of the present invention 1s illustrated
in FI1G. 13 at reference numerals 500A and 502A. The guide
502 A 1s substantially similar to the guide 502, except that the
guide 502A does not include the gmiding side 510a, the pos-
terior tlange 588a, or the portion of the anterior flange 506
associated with the guiding side 510a. Essentially, the guide
502 A 1s one-half, the left half, of the guide 502 cut along 1ts
sagittal plane. Because the remainder of the guide 502A 1s
substantially similar to the guide 502, elements common to
both the guide 502 and the guide 502 A are referenced with the
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same reference numbers. The description of the common
clements provided above 1n conjunction with the description
of the guide 502 also applies to the guide 502A. While the
guide 502A 1s 1llustrated to include the left half of the guide
502, as cut along 1ts sagittal plane, the orientation of the guide
502A can bereversed such that in some applications the guide
includes the other half, or right half of the guide 502 as cut
along its sagittal plane.

The guide 502 A 1s suitable for use 1n a variety of different
procedures, such as mimmally 1nvasive procedures. Any of
the other devices 100, 200, 300, and 400 described herein can
also be provided with a single guiding side 110, 210, 310, and
410 to make the devices 100, 200, 300, and 400 better suited
for use 1n minimally 1nvasive procedures.

With additional reference to FIGS. 14 and 15, use of the
guide 302 to make resections 1n a human femoral bone 600 1s
illustrated. The bone 600 generally includes an anterior sur-
face 602, a posterior surface 604, and a distal surface 606. The
guide 302 is positioned at the bone 600 such that the anterior
flange 306 1s at the anterior surface 602 and the distal portion
366 1s atthe distal surface 606. The guide 302 1s secured to the
bone 600 in any suitable manner. For example, a suitable
fastener can be inserted through the aperture 376, or the
aperture 484 11 included 1n the guide 302, to engage the bone
600 and secure the guide 302 to the bone.

With the guide 302 1n position, chamier cuts 608, a poste-
rior cut 610, and a box cut 612 can be made. The cuts 608,
610, and 612 can be made 1n any order depending on the
application. Further, not all of the cuts 608, 610, and 612 need
be made.

The chamifer cuts 608 are made by directing a cutting
device, such as a saw, knife, or other sharp edge, to the bone
600 through the first cutting surfaces 364. The position and
orientation of the first cutting surfaces 364 properly aligns the
knife at the bone 600 to form the chamier cuts 608 at a desired
position 1n the bone 600.

The posterior cut 610 1s made by directing a cutting device,
such as a knife or sharp edge, to the bone 600 using the second
cutting surface 370. The knife 1s directed along the second
cutting surface 370 to the posterior surface 604 of the bone
600. The position and orientation of the second cutting sur-
tace 370 properly aligns the knife at the bone to form the
posterior cuts 610 at a desired position in the bone 600.

The box cut 612 1s made by directing a suitable cutting,
device, such as a knife, punch, or the rotating mill 104 to the
distal surface 606 of the bone 600. The cutting device is
inserted within the box-cut shaped opening 312 and resects
the portion of the bone 600 beyond the box-cut shaped open-
ing 312. The cutting device 1s directed along the raised rim
372 to define the outer perimeter of the box cut 612.

After the cuts 608, 610, and 612 are made, the guide 302 1s
removed from the bone 600. The guide 302 can be removed
from the bone 600 1n any suitable manner, such as by inserting
a removal device through the slits 374 and pulling the guide
302 from the bone.

After the guide 302 1s removed, a suitable implant, such as
the femoral component 93, can be secured to the bone. The
procedure for securing the femoral component 93 1s
described above.

The procedures for making the cuts 608, 610, and 612
using the guides 402, 502, and 502 A 1s substantially similar to
the procedures described above with respect to the guides
102, 202, and 302.

With respect to the guide 502A, the guide 502 A only over-
laps a single condyle, the left condyle, of the femoral bone
600 to make the chamfter cuts 608 and the posterior cut 610 1n
the left condyle. In embodiments where it 1s desirable to make
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the chamier cuts 608 and the posterior cut 610 1n the right
condyle, the guide 502A having the right gmiding side 510a,
as opposed to the left guiding side 51054, and the right poste-
rior flange 388a, as opposed to the left posterior tlange 5885,
1s used.

The various embodiments of the bone-cutting apparatuses
described herein provide a convenient cutting tool, which can
guide and resect a portion of a bone, such as an intercondylar
box portion, for example, quickly and precisely. By providing
a pivotable mill, which can also be selectively shifted 1n a
lateral direction, the intercondylar box portion can be
removed without the need to apply any impact forces. The
bone-cutting apparatus described herein may be an important
component of a knee replacement system that includes femo-
ral components 93, such as those used for posterior stabilized
knee prosthesis.

The bone-cutting apparatuses described herein also pro-
vide a convenient three-in-one tool for making the chamier
cuts 608, the posterior cuts 610, and the box cut 612. Use of
the guides eliminates the need to use a separate device to
make each of the cuts 608, 610, and 612. Therefore, the guides
save operating time, save costs associated with purchasing
additional equipment, and reduce the complexity of preparing
a bone to recerve an implant.

The description of the invention 1s merely exemplary 1n
nature and, thus, variations that do not depart from the gist of
the mvention are intended to be within the scope of the inven-
tion. Such variations are not to be regarded as a departure
from the spirit and scope of the invention.

What 1s claimed 1s:
1. A guide for cutting bone comprising:
an anterior portion;

a posterior portion including a first posterior tlange and a
second posterior flange;

a distal portion between the anterior portion and the pos-
terior portion, the distal portion including:

a distal surface;

a first guiding side;

a second guiding side spaced apart from the first gmiding
side; and

a plurality of cutting surfaces defined by each of the first
guiding side and the second guiding side at an acute
angle relative to the distal surface of the first and

second guiding sides operable to guide a cutting
device to the bone to form chamfter cuts 1n the bone;

a box-cut shaped opening defined by the anterior portion,
the first guiding side, the second guiding side, the first
posterior flange, and the second posterior flange;

a U-shaped raised rim that extends above an anterior por-
tion of the box-cut shaped opening;

a cutting tool coupled to the guide, the cutting tool having,
a longitudinal axis, the cutting tool rotatable about the
longitudinal axis, the cutting tool pivotable within the
box-cut shaped opening between the posterior portion
and the raised rim at the anterior portion of the guide for
forming a box cut in the bone; and

a cylindrical rod extending between the first posterior
flange and the second posterior flange, the rod coupled to
an end of the cutting tool, the cutting tool selectively
movable to a plurality of positions along the rod.

2. The guide of claim 1, wherein the rod defines a plurality
of holes having parallel axes, each of the holes operable to
receive the cutting tool for selectively moving the cutting tool
between the first and second posterior tlanges.
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3. The guide of claim 1, further comprising an aperture at
cach of the first guiding side and the second guiding side
operable to receive a fastening device for securing the guide
to the bone.

4. The guide of claim 1, wherein the first guiding side
defines two of the cutting surfaces that intersect each other
and the second guiding side includes two of the cutting sur-
faces that intersect each other.

5. The guide of claim 1, wherein the rod 1s slidable within
coaxial first and second bores of the first and second posterior
flanges.

6. The guide of claim 5, wherein the rod includes at least
one groove at a first end of the rod.

7. The guide of claim 6, wherein the rod includes at least
one detent at a second end of the rod, the second end opposite
the first end.

8. The guide of claim 7, further comprising a spring-loaded
ball plunger coupled to the posterior portion and selectively
engaging one of the detents.

9. A guide for cutting bone comprising:
an anterior portion;

a posterior portion including a first posterior flange and a
second posterior tlange;

a distal portion between the anterior portion and the pos-
terior portion, the distal portion including:

a distal surface;

a first guiding side;

a second guiding side spaced apart from the first guiding
side; and

a plurality of cutting surfaces defined by each of the first
guiding side and the second guiding side at an acute
angle relative to the distal surface of the first and

second guiding sides operable to gmde a cutting
device to the bone to form chamfter cuts 1n the bone;

a box-cut shaped opening defined by the anterior portion,
the first guiding side, the second guiding side, the first
posterior flange, and the second posterior tlange;

a cutting tool coupled to the guide, the cutting tool having
a longitudinal axis, the cutting tool rotatable about the
longitudinal axis, the cutting tool pivotable within the
box-cut shaped opening between the anterior and poste-
rior portions of the guide for forming a box cut in the
bone; and

a rod extending between the first and second posterior
flanges, the rod defining a plurality of holes having par-
allel axes for receiving an end of the cutting tool, such
that the cutting tool can be selectively moved to a plu-
rality of positions along the rod.

10. The guide of claim 9, wherein the rod 1s rotatably
received 1n first and second bores defined 1n the first and
second posterior flanges of the guide.

11. The guide of claim 9, wherein the end of the cutting tool
1s coupled to one of the holes by a pin.
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12. The guide of claim 9, further comprising a raised rim
that extends about portions of the anterior portion that define
the box-cut shaped opening.

13. The guide of claim 9, wherein the first guiding side
defines two of the cutting surfaces that intersect each other
and the second guiding side includes two of the cutting sur-
faces that intersect each other.

14. guide for cutting bone comprising;:

an anterior portion;

a posterior portion including a first posterior tlange and a

second posterior flange;

a distal portion between the anterior portion and the pos-

terior portion, the distal portion including:

a distal surface;

a first guiding side;

a second guiding side spaced apart from the first guiding,
side; and

a plurality of cutting surfaces defined by each of the first
guiding side and the second guiding side at an acute
angle relative to the distal surface of the first and
second guiding sides operable to gmde a cutting
device to the bone to form chamf{er cuts 1n the bone;

a box-cut shaped opening defined by the anterior portion,

the first guiding side, the second guiding side, the first
posterior flange, and the second posterior tlange;

a cutting tool coupled to the guide, the cutting tool having,

a longitudinal axis, the cutting tool rotatable about the
longitudinal axis, the cutting tool pivotable within the
box-cut shaped opening between the anterior and poste-
rior portions of the guide for forming a box cut in the
bone; and

a rod extending between the first and second posterior

flanges, the rod slidably recerved within coaxial first and
second bores of the first and second posterior flanges, the
rod coupled to an end of the cutting tool, such that the
cutting tool can be selectively moved to a plurality of
positions along a longitudinal axis of the rod.

15. The guide of claim 14, further comprising a raised rim
that extends about portions of the anterior portion that define
the box-cut shaped opening.

16. The guide of claim 14, wherein the first guiding side
defines two of the cutting surfaces that intersect each other
and the second guiding side includes two of the cutting sur-
faces that intersect each other.

17. The guide of claim 14, wherein the rod includes a
plurality of grooves at a first end of the rod.

18. The guide of claim 17, wherein the rod includes a
plurality of detents at a second end of the rod, the second end
opposite the first end.

19. The guide of claim 18, further comprising a pin coupled
to the posterior portion, the pin selectively engaging one of
the grooves.

20. The guide of claim 19, further comprising a spring-
loaded ball plunger selectively engaging one of the detents.
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It Is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Column 3
Line 335, after “according”, insert --to--.
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Line 8, at beginning of claim 14, insert --A-- before “guide”.
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